Background: Given limitations in economic resources, achieving sustainability in healthcare is an increasingly important issue driving policy decisions. Colorectal cancer (CRC) is a frequent oncological diagnosis with an incidence that is expected to increase, making the efficient utilisation of resources a major priority for its diagnosis and treatment. To assess potentially inappropriate utilisation of services in the integrated care pathway of patients with malignant CRC, a series of key performance indicators (KPIs) have been developed by a multidisciplinary panel of the E.Pic.A. project (Economic Appropriateness of an Integrated Care Pathway). Methods: The KPIs identified had to comply with criteria of reliability, representativeness, accessibility and operativity. A definition is provided for each of the KPIs, along with the methodology used to calculate it and a reference target. Results: Eight KPIs were identified that can measure inadequacies of services provided in the diagnostic and treatment pathways for CRC: four for instrumental diagnostics, three for surgery and one for oncologic therapy. Conclusions: Use of the methodology described can help payors to obtain detailed information on inappropriate and wasteful use of healthcare resources, which would then permit their reallocation for interventions with higher value for patients with CRC and other pathologies.
Introduction
The sustainability of the Italian National Health System (INHS) is one of the most important issues driving policy decisions in healthcare. At least in the short term, resources for healthcare are not expected to increase and remain limited compared to those of other countries of similar economiccultural standing. Indeed, "times of continuous economic growth and the broadening of social protection of the public seem, if not lessened, at least temporarily set aside and the INHS cannot ignore this" (1) . It is thus necessary to guarantee the sustainability of the INHS until action in prevention and innovation can compensate for the increased burden related to progressive ageing of the general population (2) . In this regard, a recent report has highlighted potential areas (overand under-treatment, purchases at excessive costs, administrative efficiency, administrative complexities, frauds and abuses, etc.) that can be drawn upon to free up resources that can be reinvested or reallocated (3) . Considering this scenario, evaluation of healthcare performance has gradually become an increasingly important activity for governance of the INHS (4) . The analysis of integrated care pathways by defining key performance indicators (KPIs) is an effective tool that the INHS can utilise for this purpose (5) .
Colorectal cancer (CRC) is the most frequent oncological diagnosis in Italy with a frequency of 14% (16% in males and 13% in females) and is the second cause of oncologic death (11% in males, 12% in females) (6) . There is a slight tendency towards decreased mortality and increasing incidence; the latter is mainly linked to earlier diagnosis of CRC (in 2017, approximately 53,000 new diagnoses of CRC were estimated; + 1.1% compared to 2016) (6) . Considering the positive trend in survival observed in recent years, in the near future it can be expected that there will be constant growth in the need for healthcare resources, making the efficiency of healthcare investments required for the integrated care pathway of CRC a top priority.
With a view towards rendering healthcare resources more efficient, it is essential to measure the performance of various activities used for the integrated care pathway of CRC. Herein, the methodology developed by a multidisciplinary panel of the E.Pic.A. project (Economic Appropriateness of an Integrated Care Pathway) is described with the aim of assessing potentially inappropriate behaviour, from clinical and economic standpoints, of various processes in the integrated care pathway of patients undergoing intervention for carcinoma of the colon or rectum.
Methods
Following the recent Associazione Italiana di Oncologia Medica guidelines for the treatment of CRC (7) , the multidisciplinary panel of the E.Pic.A. project (composed of clinicians, healthcare directors, data managers, methodologists and experts) identified and defined a series of KPIs that are suitable for assessing potentially inappropriate healthcare services provided during diagnosis and treatment of patients undergoing surgical intervention for malignant CRC. In order for the evaluation process to be consistently replicated by each healthcare facility, the CRC KPIs must be easily detectable and measurable through the most common information flows currently available (e.g. administrative databases, hospital discharge records [HDRs], etc.).
In order to maximise the efficiency of healthcare services offered to patients, each of the KPIs identified must comply with the criteria of "reliability" (fewest possible systematic errors), "representativeness" (high degree of relationship with the pathway in question), "accessibility" (directly measurable by the available information sources) and "operativity" (must be easily applicable in the context under assessment) (8) . Lastly, for each of the KPIs identified, the multidisciplinary panel: (i) provided a definition; (ii) explained the methodology for its calculation; and (iii) indicated a reference target for evaluation.
Results
Altogether, eight KPIs were identified to measure the inappropriateness of healthcare services provided in the integrated care pathway for CRC: four for instrumental diagnostics, three for surgery and one for oncologic therapy. The four KPIs for the diagnostic phase aimed to estimate the inappropriateness of diagnostic procedures (under-treatment and over-treatment) before and after the index surgical intervention. The three KPIs for the surgical phase measured the timeliness of the index surgery, the hospitalisation associated with it and any re-interventions carried out during the same hospitalisation. For oncological therapy, the last KPI measured the inappropriateness referred to the time of administration of adjuvant therapy (chemotherapy and/or radiotherapy) vs. the time elapsed following the index surgery.
Unless otherwise specified, each of the eight KPIs must be calculated by distinguishing between patients undergoing intervention for carcinomas of the colon and those of the rectum. Herein, for simplification, whenever the KPI is calculated for a patient with colon cancer or rectal cancer, the term "surgical intervention for CRC" will be used; otherwise, if the KPI is calculated with reference to only the patient undergoing intervention for colon cancer or for rectal cancer, the relative diagnosis will be specified.
Since in both cases (colon and rectum), the date of the index surgical procedure (and the relative hospitalisation index) represents the reference time for calculation of each of the eight KPIs, it is fundamental to provide a definition that also includes the identification criterion. Firstly, in order to identify new patients undergoing surgery each year for malignant CRC, the multidisciplinary panel established that the reference time frame for surgical interventions should be the calendar year (January 1 to December 31). In the case of colon cancer, the index surgery was defined as the first admission for surgery in the year of observation characterised by the simultaneous presence of one of the diagnostic codes and one of the procedural codes listed in Table I (information flow produced by the HDRs) for colon cancer.
With the index surgical procedure thus identified, the following must be excluded:
− patients under the age of 18 at the time of index admission; − patients present in the registry for less than 3 years from the date of the index admission; − cases with at least one hospitalisation for colon cancer (according to the International Classification of Diseases 9th revision Clinical Modification ICD-9-CM 153*) in the main or secondary diagnosis for a period between 3 years and 6 months prior to the date of surgery performed during the index hospitalisation; − cases with other neoplasia and at least one hospitalisation for a malignancy other than the colon (ICD-9-CM 140*-152* or 154*-172* or 174*-208* or V.10* excluding V10.05) in the main or secondary diagnosis for 3 years prior to the date of surgery performed during the index hospitalisation; − patients with ab initio metastatic disease (ICD-9-CM 197*, 198* and 199*) during the index admission.
In the case of rectal carcinoma, the index surgical procedure was defined as the first admission for surgery in the year of observation characterised by the simultaneous presence of one of the diagnostic codes and one of the procedural codes listed in Table I (information flow produced from HDRs) for rectal cancer. From the index surgical procedures thus identified, the following should be excluded:
− patients under the age of 18 at the time of index admission; − patients present in the registry for less than 3 years from the date of the index admission; − cases with at least one hospitalisation for rectal cancer (ICD-9-CM V.10.06 or 154*) in the main or secondary diagnosis for a period between 3 years and 6 months prior to the date of surgery performed during the index hospitalisation; − cases with other neoplasia and at least one hospitalisation for a malignancy other than rectal (ICD-9-CM 140*-153* or 155*-172* or 174*-208* or V.10* excluding V10.06) in the main or secondary diagnosis for 3 years prior to the date of surgery performed during the index hospitalisation; − patients with ab initio metastatic disease (ICD-9-CM 197*, 198* and 199*) during the index admission.
KPIs for instrumental diagnosis

KPI-1 pre-surgery 1
Definition. The first KPI evaluates the percentage of patients undergoing surgical intervention for CRC who, in the 60 days prior to the index surgery, underwent at least one of the following instrumental diagnostic procedures: positron emission tomography (PET) or bone scintigraphy. Patients who underwent computerised axial tomography (CAT) within 90 days (indication of the multidisciplinary panel) prior to the execution of one of the two diagnostic procedures considered are excluded from evaluation, since the use of PET or bone scintigraphy is to be attributed to diagnostic uncertainty highlighted by a previous CAT scan. Table II shows the codes to be used to identify instrumental diagnostic examinations, as defined by the E.Pic.A. multidisciplinary panel.
Target. The percentage for KPI-1 should tend to be 0%. Calculation. The percentage should be calculated by indicating in the numerator the number of patients undergoing surgical intervention for CRC who underwent at least one PET and/or bone scintigraphy in the 60 days prior to the index surgery (codes shown in Tab. II). Patients who underwent a CAT scan (Tab. II) in the 90 days prior to the date of at least one of the two diagnostic procedures considered should be excluded. The denominator is the number of patients undergoing intervention (index surgery) for CRC during the reference period.
KPI-2 pre-surgery 2
Definition. The second KPI assesses the percentage of patients undergoing intervention for rectal carcinoma who, in the 112 days prior to the index surgery, underwent at least one of the following instrumental diagnostic examinations: pelvic nuclear magnetic resonance imaging (MRI) or transrectal ultrasound. The identification codes associated with these examinations are shown in Table II , as defined by the E.Pic.A. multidisciplinary panel.
Target. The percentage of KPI-2 should tend to be 100%. Calculation. The percentage must be calculated by indicating in the numerator the number of patients undergoing intervention for rectal cancer who underwent at least one pelvic MRI and/or transrectal ultrasound (codes in Tab. II) in the 112 days prior to the index surgery. The denominator is the number of patients undergoing intervention (index surgery) for carcinoma of the rectum during the reference period.
The third KPI was sub-divided into KPI-3a and KPI-3b.
KPI-3a follow-up colonoscopy
Definition. KPI-3a evaluates the percentage of patients undergoing intervention for colon cancer who, during the 365 days following the index surgery, underwent colonoscopy. Table II shows the codes to be used to identify colonoscopy examinations, as defined by the multidisciplinary panel.
Target. The percentage of KPI-3a should tend to be 100%. Calculation. The percentage must be calculated by indicating in the numerator the number of patients undergoing intervention for colon cancer who underwent colonoscopy (Tab. II) during the 365 days following surgery. The denominator refers to the number of patients (index surgery) undergoing surgery for colon cancer in the reference period.
KPI-3b follow-up colonoscopy
Definition. KPI-3b evaluates the percentage of patients undergoing intervention for colon cancer in whom, during the 365 days following the index surgery, more than one colonoscopy was performed more than 30 days from the first colonoscopy. This time span was considered as appropriate to indicate that the second colonoscopy, taking place within 30 days of the prior one, is to be attributed to the "tattooing" of a possible recurrence or to confirmation of a previously colonoscopy (Tab. II) during the 365 days following surgery within a time frame of more than 30 days between the two diagnostic procedures. The denominator refers to the number of patients (index surgery) undergoing intervention for colon cancer during the reference period.
The fourth KPI was sub-divided into KPI-4a and KPI-4b.
KPI-4a follow-up tumour marker 1
Definition. In reference to the year following the index surgery, KPI-4a evaluates the annual percentage of patients undergoing intervention for CRC who had the same tumour marker evaluated more than three times (7) , considering the markers indicated by the multidisciplinary panel (Tab. II).
Target. The percentage of KPI-4a should tend towards 10%.
Calculation. The annual percentage should be calculated by indicating in the numerator the number of patients who had the same tumour marker evaluated more than three times in the first year after CRC surgery (7) among those indicated in Table II . The denominator is the number of patients (index surgery) undergoing intervention for CRC during the reference period.
KPI-4b follow-up tumour marker 2
Definition. With reference to the two years following the index surgery, KPI-4b evaluates the percentage of patients undergoing intervention for CRC who had both markers listed in Table II simultaneously evaluated at least once. Target. KPI-4b should tend to be 0% since evaluation of both markers is not supported by clinical evidence, and use of both markers does not represent an improvement for diagnostic purposes.
Calculation. The percentage should be calculated by indicating in the numerator the number of patients who, in the two years after CRC surgery, had both markers indicated by the multidisciplinary panel simultaneously evaluated at least once (Tab. II). The denominator is the number of patients undergoing intervention (index surgery) for CRC during the reference period.
Surgical KPIs
KPI-5 time elapsed between biopsy and surgery
Definition. The fifth KPI assesses the percentage of patients undergoing intervention for CRC who underwent surgery within 60 days of biopsy if not a candidate for neoadjuvant therapy (chemotherapy or radiotherapy), or within 90 days after biopsy if candidate for neoadjuvant therapy. Table III shows the codes to be used to identify biopsy and neoadjuvant therapy (chemotherapy or radiotherapy), as defined by the multidisciplinary panel.
Target. The percentage of KPI-5 should tend towards 100%. Calculation. The percentage should be calculated by indicating in the numerator the number of patients with CRC who were subjected to biopsy and who underwent surgery within 60 days if not a candidate for neoadjuvant therapy, or within 90 days if candidate for neoadjuvant therapy, after the date of the biopsy. The denominator is the number of patients diagnosed with CRC who underwent biopsy and index surgery in the reference period. Patients with colon cancer who presented with a code for metastasis must be excluded: 196.* observed lesion. Table II shows the codes to be used to identify colonoscopy examinations, as defined by the multidisciplinary panel.
Target. The percentage of KPI-3b should tend to be 0%. Calculation. The percentage should be calculated by indicating in the numerator the number of patients undergoing intervention for colon cancer who underwent more than one 
KPI-6 duration of hospitalisation
Definition. The sixth KPI assesses the percentage of patients undergoing intervention for CRC with duration of hospitalisation for surgery >10 days (7) , if the diagnosis-related group (DRG) associated with the index admission is not complicated, or beyond 15 days (indication of the multidisciplinary panel) if the DRG is complicated, as defined in Table IV by the multidisciplinary panel.
Target. The percentage of KPI-6 should tend towards 10%. Calculation. The percentage should be calculated by indicating in the numerator the number of patients undergoing intervention for CRC whose hospitalisation for surgery extends beyond 10 days if the DRG is not complicated, or more than 15 days if the DRG is considered complicated. The denominator is the number of patients (index surgery) undergoing surgical intervention for CRC during the reference period.
KPI-7 subsequent re-intervention
Definition. The seventh KPI evaluates the percentage of patients undergoing intervention for CRC with a second re-intervention following the index surgical procedure performed during the same index hospitalisation. The following Target. The percentage KPI-7 should not exceed 5%.
Calculation. The percentage should be calculated by indicating in the numerator the number of patients with reintervention, following the index intervention, and performed during the same index hospitalisation. The denominator is the number of patients (with index surgery) undergoing intervention for CRC during the reference period.
KPI for oncological therapy
KPI-8 therapy
Definition. The last KPI assesses the percentage of patients undergoing intervention for CRC who, as candidates for adjuvant therapy (chemotherapy or radiotherapy), initiate adjuvant therapy within 56 days of the index surgery (7) . The strategy defined to calculate KPI-8 focuses on identification of all chemotherapy and/or radiotherapy administrations delivered after the date of the index surgical intervention during hospitalisation or in an outpatient regimen. Table III reports the sources and codes to identify the administration of chemotherapy and radiotherapy.
Target. The percentage of KPI-8 should tend to be 100%. Calculation. The percentage should be calculated by indicating in the numerator the number of patients undergoing intervention for CRC who initiate adjuvant therapy (chemotherapy or radiotherapy) within 56 days of the index surgery (7) . The denominator is the number of patients undergoing intervention for CRC during the reference period who initiate adjuvant therapy within 76 days (indication of the multidisciplinary panel) following the index surgical procedure.
Discussion
The continuous goal of any healthcare service is to achieve a balance between demand and supply. In recent years, it has been increasingly difficult to attain this aim; for example, in the oncology field, ageing of the population and increased research and development costs of drugs have placed considerable strain on the sustainability of healthcare. Considering this scenario, which Italy has not avoided, the methodology presented herein has the main objective of defining performance indicators that can be used to monitor critical factors in the integrated care pathway of patients with CRC, with the aim of improving the overall efficiency of care (5) .
Since the public payer (e.g. healthcare service) does not coincide with the prescriber (e.g. the clinician), the process of allocating healthcare resources is often a complex exercise. The possibility of integrating tools for monitoring of the integrated care pathway constitutes an attempt to fill the information gap between prescribers and payors in the decision-making process. In this perspective, the methodology developed by the E.Pic.A. multidisciplinary group can help to better cope with increasing healthcare needs, identify inappropriate (or potentially inappropriate) activities within an integrated care pathway and thus permit reduction of waste of resources and reallocation of new resources for the access to care. The application of this methodology should increase the value of healthcare services: the better the allocation of available resources, the better the performance of structures and healthcare professionals.
Specifically, the present methodology can help to identify low-value areas of utilisation of healthcare resources and reduce the associated costs. In fact, the eight KPIs defined by the multidisciplinary E.Pic.A. panel mainly aim to identify, in the integrated care pathway for CRC, potentially inappropriate referrals for unnecessary services or anomalies in relation to the timeliness in which services are provided. In another therapeutic area (monitoring of diagnosis and treatment of patients with breast cancer), a recent experience conducted by the E.Pic.A. at the Istituto Scientifico Romagnolo per lo Studio e la Cura dei Tumori IRST of Meldola (Northern Italy) estimated that, between January 2010 and June 2016, the hospital delivered 2,516 inappropriate services for a total cost of approximately €580,000 (9). 
Limitations
The methodology used by E.Pic.A. contains some limitations that must be considered. First, analysis of the available administrative flow data may not always be suitable to correctly assess the clinical dimensions investigated by the KPIs. In fact, some targets chosen herein for the eight KPIs may not be suitable for a specific context and will therefore require a different evaluation. Second, without prejudice to the value of administrative data (real-world data) as a tool to fill the information gap of regional healthcare systems, the heterogeneity between different regions or between structures in the same region could be a further limitation of transferability of the results.
Conclusion
The adoption of E.Pic.A. methodology may help in providing a detailed picture, which is not available at present, of inappropriate and wasteful use of healthcare resources, allowing their reallocation for interventions with higher value for patients with CRC and other pathologies.
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